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Abstract 
The paper deals with the results of experimental studies made to examine the behavior of a thin horizontal layer of a ferrofluid, 
lying on a liquid substrate and subjected to the action of differently oriented magnetic fields. It has been found that a non-
homogeneous magnetic field normal to the layer surface can cause the deformation and rupture of the layer. As soon as the action 
of the field ceases the rupture can collapse or remain open if the initial layer thickness is below the critical value. However, the 
existing stable rupture of the layer can be closed by a homogeneous magnetic field applied to the layer in the longitudinal 
direction. 
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1. Introduction 
It is known that in the gravitational field a system of two immiscible fluids can take a limited number of stable 
forms [1]. Nevertheless, some recent studies [2, 3] have reported a new configuration of the liquid system, in which 
the upper horizontal layer of the fluid has a stable rupture in the form of a regular circle, inside which the fluid of the 
lower horizontal layer comes into contact with a gas medium. In the absence of contact with solid surfaces this 
rupture is extremely sensitive to the external effects, and can be deformed and displaced even by the arbitrarily 
small forces. This described system paves the way toward investigation of a new class of problems on statics and 
dynamics of fluids. The use of a ferromagnetic fluid as an upper layer can hold considerable promise for different 
technological applications.  
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2. Methods 
According to work [3], the formation of stable rupture of a fluid layer on a liquid substrate takes place only if the 
upper fluid meets the following requirements: (a) it should wet the walls of the cuvette, (b) should have lower 
density ȡ and (c) should have higher surface tension V compared to the lower fluid. Bearing in mind these 
requirements it is reasonable to suggest that perfluoro-n-octane ɋ8F18 (ȡ1 = 1.76 g/cm3, V1 = 15.8 dyne /cm) is the 
best candidate for using it as a substrate for ferrofluid (ȡ2 = 1.37 g/cm3, V2 = 25.8÷28.0 dyne/cm). 
The experiment was performed for a two-layer system of fluids filling a glass cuvette in the form of a vertical 
short cylinder with a flat bottom. The initial thickness of the ferrofluid layer was defined as h = m/(ȡ2S), where m is 
the fluid mass, S = SD2/4 is the area of the initial (continuous) layer, which is taken to be flat, D is the inner diameter 
of the cuvette. During experiments the estimated thickness of the ferrofluid layer was varied from 1 mm to 3.5 mm. 
The thickness of the liquid substrate was varied, accordingly, from 10 to 20 mm. 
To perform layer rupture experiments we placed the cuvette (3) inside the horizontally located coil (4). The 
height of the coil was 8 mm and the inner diameter coincided with the external diameter of the cuvette. Then we 
generated in the cuvette a two-layer system: ferrofluid (2) over perfluoro-n-octane (1). 
 
 
Fig. 1. Experimental setup: 1 - perfluoro-n-octane; 2 - ferrofluid; 
 3 - cuvette; 4 - coil. 
 
 
3. Results and discussion 
After turning on the magnetic field normal to the layer surface a redistribution of the ferrofluid occurred along 
the cuvette radius. Since the upper and lower boundaries of the layer were free it could readily deform so that its 
thickness decreased near the center of the cuvette and increased at the walls. When the magnetic field intensity 
reached a critical value the layer deformation approached the surface of the substrate and resulted in the rupture of 
layer in the form of a regular circle. The process of the rupture formation was recorded by the video camera 
mounted over the cuvette. Further evolution of the rupture was specified by the character of the field intensity 
variation. An increase in the field intensity led to a growth of the rupture diameter and a decrease in the field 
intensity ± to closure of the rupture. However it was found that the rupture did not disappear even in the absence of 
the magnetic field provided that the initial thickness of the ferrofluid layer was less than 1.2×hmax, which is defined 
to the first approximation by 
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where g is the gravitational acceleration. 
The measurements indicated that the value of the critical field intensity determined in the cuvette at the axis of 
symmetry (on the level of the layer) was linearly dependent on the initial thickness h* of the ferrofluid layer (Fig. 2). 
Note that with increasing field intensity the diameter d of the rupture changed rather weakly compared to h*. Its 
relative decrease was less than 10%. A possible reason of such a behavior is the influence of the magnetic field on 
the equilibrium shape of the ferrofluid surface near the rupture. 
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Fig. 2. Critical intensity of the magnetic field versus initial thickness 
of the ferrofluid layer during rupture for cuvette with D = 92.6 mm. 
 
In the absence of the magnetic field shape of surface near the rupture is normally determined by the hydrostatic 
pressure of the layer and the capillary pressure caused by the curvature of the layer surface in the rupture zone and 
in the zone of the near-wall meniscus. The growth of the field intensity leads to a variation of the surface curvature 
which manifests itself as a change in the diameter of the rupture. 
When the field intensity is below the critical value the field plays the role of the additional factor which sustain 
the main mechanism of the layer rupture. In Fig. 3, curve 1 describes the dependence of the stable rupture diameter 
on the thickness of the ferrofluid layer in the absence of the magnetic field, and curve 2 describes the analogous 
dependence in the case of the fixed field intensity.  
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Fig. 3. Rupture diameter versus initial thickness of the ferrofluid layer in the cuvette of diameter 
D = 92.6 mm subjected to the magnetic field of different intensity H = 0 kA/m (1); H = 1.5 kA/m (2) 
 
In both cases the layer is deformed by means of a narrow directional jet of air until it ruptures. As it is evident 
from the figure, in the presence of the magnetic field a much thicker layer of the ferrofluid is ruptured. Moreover, 
the magnetic field plays the role of an additional force, which prevents closure of the layer rupture (curves 1 and 2 
can also be obtained by way of intruding an additional amount of the ferrofluid into the layer which has been already 
ruptured). 
It was found that a stable rupture in the ferrofluid layer can be closed with the help of homogeneous magnetic 
field applied parallel to the layer surface. To this end, the cuvette was placed on a horizontal platform built into the 
Helmholtz rings along their axis of symmetry. Then the two-layer liquid system contained in the cuvette was 
deformed to initiate rupture of the upper layer. The applied magnetic field caused redistribution of the ferrofluid 
along the field direction and the change of the rupture shape from that of a regular circle (Fig. 4 a) to an ellipse. 
With increase of the field intensity a displacement of the rupture relative the cuvette center occurred under the 
influence of capillary forces. Consequently, the ellipsoidal rupture took the form of a drop (Fig. 4 b) or a trapezoid 
while being pressed against the wall (the trapezoidal ruptures occurred only if the initial rupture diameter was larger 
than the cuvette radius). 
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Fig. 4. Variation of the rupture configuration in the longitudinal magnetic 
field. Field intensity ɇ, kȺ/m: 0 (ɚ); 0.9 (b). Cuvette diameter D = 59.4 mm. 
 
Fig. 5 shows the variation of the large axis of the rupture with the field intensity. The vertical lines A and B mark 
the boundaries of the regions where the circle is shaped, respectively, into an ellipse and a drop/trapezoid. The 
character of the rupture distortion strongly depends on the value of the initial rupture diameter compared to the 
cuvette radius. If the diameter of the rupture is smaller, an increase in the field intensity eventually promotes its 
closure (curves 1-3). Note that by this time the transverse dimension of the rupture is essentially smaller than 
minimal diameter of the stable rupture in the absence of the field. 
If the initial diameter of the stable rupture is comparable with the cuvette radius or larger the deformation 
behaviour changes markedly. Although the transverse dimension of the rupture monotonically decreases with the 
growth of the magnetic field, its longitudinal dimension extends rapidly as far as the cuvette walls displacing the 
near-wall meniscus (curves 4-6). In the stress intensity range used in our experiments such ruptures remained 
unclosed. 
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Fig. 5. The length  a  of the large axis of the ferrofluid layer rupture versus intensity of the magnetic field. Initial diameter 
of the layer rupture d, mm: 21.2 (1); 23.3 (2); 28.8 (3); 38.0 (4); 46.3 (5); 51.3 (6). Cuvette diameter D = 59.4 mm. 
 
Finally it should be noted that the higher is the susceptibility of the ferrofluid the stronger is the response of its 
layer to the action of the field. Thus, the ruptures of the ferrofluid having high susceptibility experience stronger 
deformation, all other factors being equal, and, as a result, open and close at much lower values of the field intensity.  
Conclusion 
The results of our studies are well consistent with data obtained in [4], describes the deformation of an air bubble 
in the volume of the magnetic fluid. But there is no need to consider the effect of gravity in our experiment.  
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